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ABSTRACT 
 
Little research thus far has explored the ability of neo-traditional development (NTD) to affect 
automobile ownership, even though automobile ownership plays a key role in explaining vehicle 
miles traveled (VMT) and fuel consumption.  In this paper, I explore suburban neighborhood 
design’s associations with automobile ownership and fuel consumption from a survey of 588 
residents in paired NTDs and typical suburban neighborhoods across the U.S.  Specifically, I 
examine the number of automobiles owned, average fuel economy of households’ automobiles (a 
weighted average based on miles driven), and household fuel consumption.  I find that 
neighborhood type is not a statistically significant predictor of any of the outcomes of interest 
and that socio-demographic factors provide the most consistent explanatory ability across the 
models, consistent with prior studies.  My results suggest that certain neighborhood design 
elements, namely inclusion of commercial uses, help to reduce fuel consumption.  However, 
other questions remain open, such as whether parking in commercial areas might reduce internal 
automobile travel in NTDs and where NTDs might be sited in suburban contexts to permit 
reductions in automobile ownership and fuel consumption. 
 
INTRODUCTION 
 
Since the completion of Seaside, Florida, in the 1980s, over 600 New Urbanist neighborhoods 
with over 1.4 million residents have been built in the United States, many in suburban settings (1, 
2).  Also known somewhat interchangeably as traditional neighborhood designs or neo-
traditional developments (the latter, or “NTD,” is used in this paper), these communities deviate 
from their typical suburban ilk in that they incorporate mixed land uses and housing types, 
compact designs and “traditional” architecture (1, 3, 4).  Transportation facilities in these 
neighborhoods are commonly designed to encourage travel by non-motorized means, with 
sidewalks, well-connected and narrow streets, pedestrian-friendly streetscapes and access to 
transit (3, 5).  Indeed, many NTD proponents view the automobile as a significant ill in 
American life and urban design, and their designs consequently aim to reduce automobile 
dependence and use (5, 6). 
 
Several studies have examined travel behavior differences between residents of NTDs 
and typical suburban developments.  Neighborhood-level studies suggest greater numbers and 
proportions of non-motorized trips in neighborhoods defined a priori as walkable, with travel for 
errands explaining much of the difference.  Additionally, while NTD residents make more trips 
per day, the trips are likely to be shorter, internal to the neighborhood and made by non-
automobile means (7, 8).  Such patterns likely result from proximity to commercial and retail 
uses and the decreased costs of travel afforded by compact form and connected street networks 
(6, 7, 9). 
 
 Despite the higher preponderance of non-motorized travel by NTD residents, VMT is 
generally inelastic with respect to density and design factors, and another study based on the 
same data as this project found no significant VMT differences between residents of NTDs and 
typical suburban developments (7, 10).  The typical explanation is that regional accessibility 
overwhelmingly defines VMT (10, 11), and to the extent that most new neighborhoods are 
located in peripheral greenfield areas, little VMT savings can be expected regardless of design.  
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Yet, there may be an alternative contributing explanation.  If households in NTDs choose more 
fuel efficient automobiles, their cost for auto travel (on a per mile basis) will be lower than that 
of residents of typical suburban developments.  Thus, both motorized and non-motorized travel 
would become less onerous.  This could help to explain previous studies’ findings that NTD 
residents travel more (7, 8).  But which travel mode is preferred would depend on the relative 
decrease in travel costs faced by residents. 
 
 This study explores automobile ownership, fuel economy and fuel consumption 
differences between households in seventeen paired NTDs and typical suburban developments 
around the United States.  Few studies have examined whether suburban neighborhood design is 
associated with automobile ownership and use after controlling for socio-demographics and 
attitudes, but these household decisions carry significant implications for overall travel behavior 
and the environment.  Automobiles become the predominant means of travel when available, for 
instance, so some travel behavior effects of land use and the built environment only become 
apparent when automobile ownership is considered as an intermediate variable (12‐15).  Given 
the high fixed cost of automobile ownership, the issue fits well with recent federal initiatives to 
redefine housing affordability to incorporate transportation costs as well as the New Urbanist 
desire to foster diverse, mixed-income communities (4, 16).  Heavy use of large, fuel-inefficient 
vehicles exacerbates the externalities of driving, namely air pollution, congestion and off-street 
parking needs (17, 18).  The typical light truck, for example, emits twice the greenhouse gases of 
a prototypical mid-size passenger car and occupies more road space (17).  Finally, overall fuel 
consumption relates directly to greenhouse gas emissions and consumption of non-renewable, 
largely imported resources.  Thus, even if differences are modest, are NTDs a potential strategy 
to mitigate automobile dependence and associated environmental consequences? 
 
PREVIOUS RESEARCH AND STUDY QUESTIONS 
I begin with an exploration of prior research into determinants of automobile ownership and 
household-level fuel consumption.  Along with the role of the built environment, I examine 
covariates that may prove significant in analyses, such as socio-demographics, attitudes and fuel 
prices.  For my fuel consumption question, I also review analyses of neighborhood design’s role 
in shaping travel behavior. 
 
Factors Influencing the Number of Automobiles Owned 
 
The Built Environment 
The built environment defies tidy generalization due to the range of measures that it 
encompasses, such as land-use mix, connectivity of streets and sidewalks, transit accessibility 
and block size (13).  Built environment elements may also be collinear, such as density, land use 
mix and pedestrian friendliness, which complicates identification of the impacts of a particular 
feature (19).  Nevertheless, the built environment as defined in a variety of ways by prior studies 
exhibited a moderately significant relationship with the number of automobiles owned by a 
household, though socio-demographics tended to possess more explanatory ability.  Similarly, 
controlling for self-selection – in the context of this project, the idea that people locate in 
particular locations to facilitate a certain level of automobile ownership – can dilute the built 
environment’s contributions. 
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Three studies at larger geographies, namely three metropolitan areas, an urban county and 
a large city, revealed a moderately significant role for built environment components in 
predicting automobile ownership after controlling for socio-demographic factors.  Holtzclaw et 
al. (20) found higher population density to be associated with lower household automobile 
ownership in Chicago, Los Angeles and San Francisco.  Hess and Ong (14) determined that 
households in neighborhoods with high employment-to-housing ratios in Portland, Oregon were 
31 percent more likely not to own automobiles than their equivalents in more homogeneous 
neighborhoods.  Bhat and Guo (13) found higher street block density, which acted as a proxy for 
population and employment density measures, to be significantly associated with a lower 
average automobile ownership propensity in Alameda County, California.  Bhat and Guo’s 
modeled results were heterogeneous, however: 23 percent of households would respond to 
higher street block density with higher automobile ownership.  While each of these studies 
controlled for certain socio-demographics, only Bhat and Guo contrasted the influence of the 
built environment with that of socio-demographic factors, finding that automobile ownership was 
less elastic with respect to street block density than most socio-demographic variables (13). 
 
A handful of studies have used neighborhood type measures to represent the built 
environment, with mixed results.  Shay and Khattak (18) found that factors other than a 
categorical development variable (reflecting patterns ranging from rural greenfield to central 
business district) explained automobile ownership significantly in metropolitan Charlotte, North 
Carolina.  Of a group of more detailed built environment measures, only an accessibility index 
that accounted for nearby transit service, median distances to destinations and other 
transportation factors was associated with lower automobile ownership.  Based on other 
significant factors in the models, the authors concluded that automobile ownership is more 
sensitive to household characteristics than the built environment.  An earlier study by the same 
authors (21) of an NTD and typical suburban development pair in Chapel Hill, North Carolina 
found neighborhood type to be significant in explaining automobile ownership differences.  
However, lower automobile ownership among residents of multifamily housing in the NTD 
accounted for the difference; ownership levels among residents of single-family homes were 
comparable between the neighborhoods.  The authors caveat their findings by noting that their 
NTD reflected only one manifestation of New Urbanist concepts; the surfeit of free parking in 
the neighborhood’s commercial center and the neighborhood’s isolation from others, they 
surmised, helped to explain the limited ownership differences.  (The earlier Shay and Khattak 
study appears to be the only published exploration of automobile ownership differences in paired 
NTD and typical suburban neighborhoods.) 
 
Cao, Mokhtarian and Handy (22) assessed automobile ownership differences among 
residents of four pairs of traditional (pre-World War II) and suburban neighborhoods in northern 
California.  Residents’ perceptions of outdoor spaciousness and land use mix were statistically 
significant but of modest explanatory importance relative to household characteristics.  
Subsequent addition of respondents’ attitudes toward the built environment into the model 
usurped the perceptions of their significance, leading the authors to conclude that self-selection 
explained the association between automobile ownership and the built environment.  However, 
the perception variables remained associated with automobile ownership for recent movers even 
after controlling for attitudes, thereby suggesting a modest causal relationship. 
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Socio-Demographics 
In nearly all of the studies above, the built environment’s relationship with automobile 
ownership was moderate; intuitively, households also select vehicles based on their means and 
needs.  Thus, which socio-demographic factors are most important in predicting the number and 
type of automobiles that a household owns?  Income is perhaps most critical, as ownership rates 
increase sharply with income: in the 2001 National Household Travel Survey, 26.5 percent of 
households that earned less than $20,000 per year owned no automobiles, while only 5.0 percent 
of households in the next income bracket did not possess an automobile (15).  Indeed, income 
and automobile ownership (or propensity to own more automobiles) were positively associated 
in all studies cited so far1 (13, 14, 18, 21, 22).  Household size also exhibited a robust 
relationship with automobile ownership in most studies, either as overall size, number of 
employed adults, number of driving-age individuals or number of children (13, 14, 18, 21, 22).  
Ownership of a residence, particularly a single-family home, is also associated with higher 
ownership (13, 14, 18, 22).  Finally, longer commute distances may also increase automobile 
ownership (13). 
 
Conversely, single-parent or single-individual households, residents of multi-family 
developments, lower-income households and renters were likely to own fewer automobiles (13, 
14, 18, 21, 22).  In two studies, female respondents were associated with lower ownership, due 
largely to other demographic characteristics associated with these respondents (14, 22). 
 
Self-Selection 
Beyond the built environment and socio-demographics, attitudes, personalities and lifestyles help 
to explain both the automobiles that people own and the neighborhoods that they inhabit (23, 24).  
According to residential self-selection (in the context of this project), people may choose 
neighborhoods that accommodate their travel behavior desires.  A desire to be able to walk to 
destinations may lead one to purchase a home in an NTD instead of a typical suburban 
development, for instance.  Consequently, the built environment’s true ability to influence travel 
behavior is difficult to distill and may take years to manifest itself in behavior changes (21).  A 
failure to account for self-selection these factors can lead to spurious conclusions, most 
ominously that the built environment’s role in travel behavior and automobile ownership is 
overstated (13, 24).  Bhat and Guo (13) addressed self-selection by modeling built environment 
and automobile ownership decisions jointly, while Cao et al. (22) did so by incorporating 
attitudinal controls into models2. 
 
 In practice, the pertinence of self-selection depends on one’s purpose.  Shay and Khattak 
(18) noted that self-selection is more critical in research than policy.  Hess and Ong (14) seemed 
inclined toward the latter: they couched the possibility of self-selection effects in the broader 
benefits of mixed-use, compact neighborhoods, namely the residential options that such 
neighborhoods provide and the shared air quality and congestion benefits that result from less 
driving. 
                                                      
1 For Shay and Khattak (21), income was moderately significant (alpha = 0.1) when the dummy variable for single‐
family residence in the NTD neighborhood was removed from the model. 
2 One study (8) noted that respondents’ attitudes may be biased unpredictably, especially when respondents feel 
the need to justify their location decisions.  Thus, attitudinal controls should be used with some caution. 
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Factors Influencing Types of Automobiles Owned 
 
The Built Environment 
Since little research has investigated the built environment’s impacts on the fuel economy of 
automobiles that households own, I use automobile type, a much more common focus of studies, 
as a proxy.  (I hereby assume that passenger cars, particularly smaller ones, are more fuel-
efficient than light trucks, minivans and sport-utility vehicles.)  As with ownership levels, the 
built environment’s role in explaining the types of automobiles that households own is moderate.  
High population density, high street block density and high levels of residential, commercial or 
industrial development are rather intuitively associated with a preference for smaller vehicles 
given their superior maneuverability (17, 23, 25).  According to a sensitivity analysis based on 
2000 Bay Area Travel Survey (BATS) data (25), a 25-percent increase in street block density 
would yield statistically significant increases in compact car holdings and decreases in pickup 
truck holdings.  Accessibility to more businesses also portends a greater likelihood of owning a 
passenger car relative to a sport-utility vehicle or pickup truck (26).  On the other hand, 
ownership of SUVs and light trucks is likelier in rural areas and lower-density, large-lot 
environments (17, 26).  Long-distance commuting, a factor beyond the purview of most 
neighborhood designs, may increase the likelihood of owning an SUV and decrease the 
likelihood of owning a compact car (23, 26). 
 
Shay and Khattak’s (21) study of a paired NTD and typical suburban development 
revealed few differences in the types of automobiles owned between residents of the 
neighborhoods.  While NTD residents owned slightly fewer SUVs and light trucks, the 
difference was not statistically significant.  Households in the NTD’s apartments and 
condominiums owned fewer passenger cars on average than residents of single-family homes in 
either neighborhood, but their ownership rates of other automobile types did not differ 
significantly. 
 
Socio-Demographics 
Many of the socio-demographic factors already identified help to predict the types of 
automobiles that households own.  Higher household income, not surprisingly, is associated with 
more expensive vehicles, such as SUVs and luxury cars (23, 25, 26).  The presence of children in 
a household generally correlates with more SUVs and minivans, though households with small 
children may also prefer small and mid-size cars (23, 25, 26).  Households with older adults tend 
to prefer minivans as well as large and luxury cars, perhaps due to the easier access that these 
vehicles afford (23, 23, 25, 25, 26).  On the other hand, a larger number of employed individuals 
in a household is associated with stronger preferences for small vehicles and less interest in large 
sedans, luxury cars or minivans (23, 25).  Not addressed thus far is education, for which lower 
levels are associated with pickup truck ownership (23, 26). 
 
 For households with multiple automobiles, the utility of different types is also a 
consideration.  Specifically, ownership of diverse types of automobile allows households to meet 
different functional needs (17).  In the 2000 BATS, for instance, only 43 percent of multiple-
automobile households owned two vehicles of the same type, of which nearly all were 
passenger-car pairs (17).  Common combinations of automobile included one passenger car and 
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either a pickup truck (19.5 percent of all households), SUV (16.3 percent) or minivan (11.6 
percent) (17). 
 
Attitudes and Preferences 
Numerous attitudinal, personality and lifestyle factors help to explain the types of automobiles 
that a household owns; here, I focus on those most related to the built environment.  Cao et al. 
(26) found preferences for less accessibility, larger yards and more off-street parking to be 
associated with ownership of larger automobiles, such as minivans, pickup trucks and SUVs.  
Preferences for walking and bicycling were also associated with greater ownership of SUVs and 
pickup trucks.  While accessibility to businesses was initially associated with higher passenger 
car ownership in Cao et al.’s study, controlling for attitudes rendered the association statistically 
insignificant. 
 
Another study (23) found little correlation between pro-density attitudes and the size of 
automobiles owned.  The relative risk of owning a small, compact or mid-sized car (with a 
pickup truck as the base outcome) increased with pro-density attitudes, but so did the relative 
risk of owning a luxury car or SUV.  The authors observed a correlation between pro-density 
attitudes and higher income in their sample; thus, they suspected that income influenced 
automobile choice (which would be reasonable, as discussed in the preceding section). 
 
 None of the studies examined thus far addressed hybrid-electric vehicles, one of the 
fastest-growing automobile segments in the U.S. in the last decade (27).  Owners of such 
vehicles tend to express pro-environmental beliefs; some also see ownership of such a vehicle as 
making a statement, with the Toyota Prius serving as the most identifiable “green car” (27‐29).  
One could expect that households with pro-environmental attitudes would reside in 
neighborhoods with traditional features, such as higher densities and good transit access (29), but 
whether this extends to suburban NTDs has not been explored. 
 
Fuel Prices 
The recent increase in real gasoline prices warrants consideration as a separate factor, as much of 
the research reviewed for this project was conducted prior to the price increases that began in the 
mid-2000s.  However, the survey data that informs this project’s analyses was collected around 
the time of the price peak in mid-2008.  In the five years preceding administration of the survey 
(June 2003 through June 2008), real gas prices increased by approximately 130 percent 
nationwide and reached their highest point since the late-1970s oil crisis (30). 
 
A series of interviews conducted by Turrentine and Kurani in 2003 and 2004 (31), before 
the steepest price increases, revealed that many consumers were unaware of their automobiles’ 
fuel economy, had little knowledge of how much they spent on fuel and thus did not know how 
much they might save by changing to a more economical model.  Such was the case even for 
owners of hybrid-electric vehicles, who tended to be more aware of their vehicles’ environmental 
benefits or technological features than their fuel expenditures (31).  However, the subsequent 
price increases appear to have fuel economy a more critical factor in automobile purchase 
decisions (32).  Indeed, General Motors’ full-size SUV sales peaked in 2002, while sales of 
automobiles with eight-cylinder engines dropped by 24 percent between 2004 and early 2008 
(33, 34). 
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Three recent studies modeled the potential impacts of fuel price increases on automobile 
purchases.  One found that a 63-percent price increase, from $1.40 per gallon (the approximate 
price in 2000) to $2.00, would reduce holdings of all automobile types marginally; the decreases 
would be most marked for minivans (4.9 percent) and SUVs (5.9 percent) (17).  A similar study 
with a higher baseline fuel price ($2.55 per gallon) and 25-percent price increase also suggested 
small decreases in minivan and SUV holdings and a statistically insignificant increase in 
compact car holdings (25).  The third study developed fuel-price elasticities for ownership of 
one- and two-car automobile “bundles” (combinations of passenger cars and SUVs), with a one-
percent increase in fuel price yielding a decrease in ownership of the car-SUV bundle by 0.79 
percent and increase in ownership of the two-car bundle by 0.70 percent (35).  In each of these 
studies, the relationship between the types of automobiles owned and fuel costs were inelastic 
(25). 
 
Determinants of Tripmaking by Automobile 
 
The Built Environment 
The topic of household fuel consumption has heretofore been relatively unexplored, though 
many studies of travel behavior have focused on vehicle miles traveled (VMT).  I follow suit for 
this section of my literature review since VMT is a critical component of the fuel consumption 
analysis described in subsequent sections of this paper.  Additionally, since the built environment 
exhibits a relationship with trip lengths and mode splits, its relationship with VMT may be more 
robust than with other travel behavior measures (10). 
 
Several studies of the built environment’s relationship with VMT have suggested that 
greater accessibility, mixed land uses and higher development densities tend to shorten trips (10).  
Residents of neighborhoods that are truly “traditional” – built before 1945 with gridded street 
patterns, good access to public transportation and mixed uses – have been shown to evince lower 
automobile trip rates and travel distances than their suburban counterparts (11, 36, 37).  In 
neighborhood-level studies in the San Francisco area, for instance, residents of traditional transit-
oriented neighborhoods made fewer commute trips by personal vehicle and drove an average of 
nine miles fewer each day for non-work trips, with walk trips substituting for some drive trips 
(11, 36).  Property site design can also affect VMT: in another study in the San Francisco area, 
vertically mixed uses (i.e., multiple-story buildings with ground-floor retail) were associated 
with lower VMT, while more vehicular travel was associated with sites that featured parking lots 
in front and along the sides of buildings (19). 
 
One consideration with shortened travel distances and improved connectivity is that more 
trips may result, both by vehicle and foot, given lower time costs of travel (9, 10, 19).  
Consequently, higher trip generation rates could offset the VMT savings associated with shorter 
trips (9).  Still, one study in the Seattle area found that residents that relocated to neighborhoods 
with greater accessibility decreased their VMT despite making more tours (38). 
 
Regional context is also an important factor in assessing the built environment’s ability to 
affect VMT.  A mixed-use, transit-oriented neighborhood may do little to decrease automobile 
trips if its surroundings are automobile-oriented (10, 11, 38).  Transit-friendly neighborhoods in 
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the expansive Los Angeles area were associated with less transit commuting, for instance, than 
their equivalents in the transit-richer, more spatially constrained San Francisco area (11).  To the 
extent that a region provides many destinations, regional context may carry more weight in 
explaining travel behavior than the accessibility of a particular neighborhood (38).  Even given 
local options for shopping, for instance, residents of a neighborhood may patronize businesses 
further away for reasons unrelated to travel (39).  Indeed, elasticities of automobile trips and 
VMT with respect to local density, land use diversity and design pale in magnitude relative to 
those of regional context (10). 
 
Authors of some of the aforementioned studies of traditional neighborhoods expressed 
optimism that similar findings would apply to NTDs (11, 36).  Less research has addressed this 
topic directly, partly because of the recent proliferation of NTDs.  In Khattak and Rodriguez’s 
(8) study of travel behavior in a paired NTD and typical suburban development in Chapel Hill, 
North Carolina, residents of the NTD generated 1.6 fewer auto trips and 1.8 fewer external trips 
per day than their contemporaries in the typical suburban development.  These decreases 
translated to a 14.7 mile decrease in daily travel that was largely explained by shorter non-work 
trips.  Notably, the NTD in this study featured a large commercial development with over 
200,000 square feet of retail space.  A similar study of travel behavior in the seventeen paired 
NTDs and typical suburban developments examined for this paper arrived at a contrary result, 
namely that residents of NTDs made 17 percent more vehicular trips than residents of typical 
suburban neighborhoods after controlling for built environment descriptors (7).  However, NTD 
residents still made 80 percent more internal trips than their typical suburban peers. 
 
Socio-Demographics 
Among socio-demographic factors that influence VMT, income merits special note for direct 
impacts on VMT as well as its influence on automobile ownership, which in turn affects VMT.  
Generally, higher income is associated with increased tripmaking and a greater share of trips by 
automobile, partly due to its positive effect on automobile ownership (15, 18, 37).  Even after 
controlling for income, higher automobile ownership portends a modest increase in automobile 
trips (11, 21); one analysis (18) suggested a ten-percent increase in daily trips for each additional 
automobile.  One study found a relationship between automobile type and weekly travel: owners 
of light trucks drove approximately 25 miles per week more than passenger car owners (26). 
 
 Other socio-demographic factors include household size, which is positively associated 
(rather intuitively) with more trips and higher VMT (7, 8, 18, 21).  The presence of children 
generally leads to more trips as well (7, 18), though the burdensome nature of traveling with 
infants may stifle trip-making (37).  Higher age is associated with fewer trips by any mode (37). 
 
Attitudes 
Attitudes significant in automobile tripmaking include preferences for quiet and safe places, 
feelings of automobile dependence, enjoyment of travel and feeling of safety while driving (37).  
Notably, residence in a transit-oriented neighborhood does not necessarily imply lower 
tripmaking by personal vehicle (40).  Residents may value other aspects of these neighborhoods, 
such as housing quality or style, neighborhood qualities and accessibility to destinations by 
automobile, for instance. 
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Summary of Existing Literature 
Studies reviewed for this paper directly addressed only one of my areas of interest, the number of 
automobiles owned.  Here, socio-demographic factors such as income and household size appear 
to be more influential than the built environment in predicting automobile ownership, with 
attitudes toward the built environment also sapping the built environment’s already modest 
contribution.  Even for comparisons of traditional and suburban neighborhoods, the built 
environment’s role is limited.  Limited evaluations of ownership differences between residents of 
NTDs and typical suburban neighborhoods suggest that factors other than the built environment 
explain differences. 
 
 In terms of other studies, differences in average fuel economy by neighborhood type must 
be explored through the lens of automobile types owned.  Denser, more mixed-use environments 
tended to be associated with ownership of smaller vehicles, though the sole comparison of the 
types of automobiles owned across a paired NTD and typical suburban development suggested 
little difference.  Many of the same socio-demographic factors that influence the number of 
automobiles owned also affect the types owned; in addition, a household may own automobiles 
of diverse types to meet its functional needs. 
 
 Household fuel consumption is the least-explored component of my analysis.  Marginal 
VMT decreases in traditional, accessible neighborhoods combined with ownership of fewer and 
more fuel-efficient automobiles suggests that less fuel would be consumed.  However, regional 
context is also an important factor, and few studies have examined automobile tripmaking and 
VMT across suburban neighborhood designs.  The comparisons thus far of VMT in suburban 
NTDs and typical suburban developments have been inconclusive.  Residents of a North 
Carolina NTD with a sizable retail area made fewer automobile trips and exhibited lower VMT 
than residents of a matched typical suburban development, while residents of a collection of 
NTDs with varying characteristics across the U.S. made more automobile trips than and recorded 
comparable mileage to their counterparts in typical suburban developments. 
 
Study Questions 
Limited research thus far has investigated automobile ownership differences between suburban 
neighborhood types.  Three questions whose implications extend beyond neighborhood 
boundaries are of interest.  For one, are higher residential densities and better accessibility to 
commercial uses associated with decreased automobile ownership in suburban contexts?  
Findings of prior research suggest that the built environment’s contributions are modest at best, 
while the findings of Shay and Khattak (8) in a similar NTD-versus-typical suburban 
neighborhood comparison lend limited hope to the idea of a significant difference.  Secondly, do 
these factors lead residents to own more compact (and thus more fuel-efficient) automobiles?  
While NTDs typically provide greater spatial enclosure and narrower streets with more 
intersections (3), creation of economically viable commercial districts may necessitate ample off-
street parking to attract residents of the broader community, especially if street connectivity with 
surrounding neighborhoods is poor (as was the case in Shay and Khattak’s example (21)).  These 
characteristics may instead be associated with ownership of larger cars and light trucks, as Cao et 
al. (26) suggest. 
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Finally, do households in NTDs consume less fuel overall than their typical suburban 
peers?  This question touches both automobile ownership decisions and travel behavior: greater 
fuel efficiency of household automobiles and higher levels of non-automobile travel could 
decrease a household’s overall fuel consumption.  Holding fuel efficiency constant, residents of 
traditional neighborhoods could be expected to consume less fuel than their suburban 
contemporaries given lower VMT, but whether the same relationship applies when comparing 
residents of NTDs to residents of typical suburban neighborhoods is unclear.  While Khattak and 
Rodriguez (8) found a reduction of auto trips and VMT in their NTD, Combs et al. (7) noted 
increased tripmaking by personal vehicle and no significant difference in reported vehicle 
mileage between residents of the NTD and typical suburban neighborhood pairs that I analyze 
for this report. 
 
METHODOLOGY 
Data for this project was derived from a mail-back survey sent in May 2008 to 4,837 households 
in 19 matched pairs of NTD and typical suburban neighborhoods (thus 38 neighborhoods total) 
around the United States (7).  In all, 588 respondents completed the survey, which addressed 
socio-demographic characteristics, automobile ownership (number owned as well as make, 
model and year of primary and secondary automobiles) and annual use, tripmaking behavior, 
physical activity and location-related preferences and attitudes3.  The matched-pair approach and 
survey structure mirrored an earlier study of travel behavior and attitudes in a paired NTD and 
typical suburban development in Chapel Hill, North Carolina (8, 21). 
 
Figure 1 depicts the location of the 17 neighborhood pairs that were retained for analysis 
(two of the 19 pairs were dropped from the study due to a lack of neighborhood-level GIS data 
and low response rates).  To be included in the study, the neighborhoods in each pair had to be 
within the same political jurisdiction; of similar size, demographics, construction year and 
regional context; and consistent with the definition of their corresponding neighborhood types 
(7). 
 
That noted, characteristics across pairs were permitted to vary.  For instance, the size of 
neighborhoods ranged from 24 to 2,334 acres.  Eleven NTDs and four typical suburban 
developments included commercial areas of up to 91 acres in size; while the placement of 
commercial areas varied among the NTDs, the typical suburban developments’ commercial areas 
were generally located peripherally.  In terms of context, four pairs of neighborhoods were infill 
developments, while the remaining 13 pairs were located in greenfields. 
 
All analysis for this project was conducted in STATA version 10.1 or 11. 
 
Outcome Measures 
I employed three outcome variables to evaluate differences in automobile ownership and fuel 
consumption, as summarized for this sample in Table 1.  First, I investigated differences in the 
                                                      
3 The overall response rate for the survey was 12.2 percent, with nominally higher response rates in NTDs (13.8 
percent) than in typical suburban developments (10.5 percent).  Respondents were more likely to be white, own 
their homes and live in larger households than others in their Census 2000 block groups (7). 
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number of automobiles owned at the household level.  Respondents provided automobile counts 
for their households, so no manipulation of the data was needed. 
 
FIGURE 1   Neighborhood Sites 
 
 
 
Second, I computed the average fuel economy of households’ primary and (if applicable) 
secondary automobiles as a weighted average.  Fuel economy data is as provided by the U.S. 
Department of Energy for the year, make and model of each vehicle (41); since multiple engine 
and transmission combinations are available for most automobiles, I applied the median of the 
combined city/highway ratings (excluding hybrid options, unless the respondent specified 
otherwise).  Respondents’ reported annual mileage for each automobile provided the weights, 
with annualized figures created for automobiles owned less than one year.  In several instances, 
the average could not be calculated due to missing or erroneous data for at least one household 
vehicle; additionally, eight responses were dubiously high and recoded as missing4.  As a 
secondary measure for this outcome, I created a binary variable to reflect high average fuel 
economy – 24.5 mpg or higher, which corresponds to the 75th-percentile average fuel economy 
observation. 
 
 Annual fuel consumption by household is the third outcome measure.  For each primary 
and secondary automobile, I calculated fuel consumption by dividing annualized mileage by the 
fuel economy rating (as described above) for each automobile.  I then summed the results by 
household.   
 
For the fuel economy and fuel consumption measures, I assessed whether the built 
environment exerts a causal effect on automobile ownership by restricting analyses to 
                                                      
4 In three instances in which respondents owned vehicles for less than one year, annualized mileage exceeded 
100,000.  In two cases, vehicles at least 10 years old were reported to have been driven over 100,000 miles during 
the preceding year, suggesting that an odometer reading was substituted for annual mileage.  In three other cases, 
households reported combined annual mileage of over 75,000 but also reported their typical weekly driving as 
only 100 or 150 miles (two of the three such respondents were retired). 
Ben Owen  12 
 
 
households that acquired one or more automobiles since moving into their current residences.  I 
also excluded households that moved during the year preceding survey administration from 
analysis; this step ensured that all reported annual mileage figures pertained to current 
neighborhood environments. 
 
Explanatory Measures 
Descriptive statistics for all explanatory measures are provided in Table 1. 
 
The key explanatory variable for the built environment is neighborhood type, namely whether 
the respondent resided in an NTD or typical suburban development.  Since context varies by 
neighborhood pair, I included two additional built-environment variables in my models.  One 
variable denotes whether a neighborhood is an infill or greenfield development, with the idea 
that infill development may support lower automobile use through improved access to amenities 
at the center of a region.  With this variable, I also tested whether the spatial constraints that one 
might associate with an infill environment encourage ownership of smaller vehicles.  As a 
second variable, I included the acreage of the neighborhood’s commercial area (coded as zero if 
nonexistent), here supposing that a large, proximate commercial area could obviate the need for 
lengthier trips to shopping centers external to the neighborhood. 
 
 For socio-demographic variables, I incorporated a small set of critical factors identified in 
prior studies.  Income is represented as a ten-category ordinal variable, consistent with how it 
was presented in the survey.  (Although the use of a non-interval variable with categories of 
unequal range may be theoretically problematic, I kept the income variable as is to retain degrees 
of freedom in my models.)  Since 22 percent of respondents (130 of 588) did not report 
household income, I imputed income values using ordinary least squares (OLS) regression.  
When tested against a sample of reported incomes, the OLS-based imputations exhibited a higher 
correlation and smaller difference (both in terms of mean and standard deviation) than imputed 
values obtained through ordinal logistic regression or STATA 10.1’s ‘impute’ command.  I 
included a binary variable in my models to denote imputed values and thus capture any 
consistent residual differences between these groups. 
 
The other two socio-demographic variables are the presence of children (a binary 
variable) and number of driving-age individuals (age 17 or higher) in the household.  For the fuel 
economy and consumption comparisons, the number of driving-age individuals is highly 
correlated with automobile ownership (r = 0.68) and thus serves as a proxy for the latter.  I 
excluded home ownership and dwelling unit type from my models since 96 percent of 
respondents owned their homes and 79 percent (94 percent in typical suburban developments) 
lived in single-family homes.  I also excluded gender for the sake of parsimony and given its 
potential correlation with other socio-demographic factors (per Cao et al. (22)).  In this study, 
NTD households were significantly smaller, both in terms of the number of drivers and presence 
of children. 
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TABLE 1 Descriptive Statistics for Explanatory Measures, Overall and by Neighborhood (N = 568)5 
 
    Overall : n = 568   
Typical suburban
(NhType = 0) : 
n = 249  
NTD 
(NhType = 1) : 
n = 319  
Difference of 
means or 
proportions 
Explanatory variables Values Mean Std. dev.    Mean Std. dev.   Mean Std. dev.   Diff. Sig. 
NhType 0 = typical suburban, 1 = NTD 0.562 0.497 -- -- -- -- -- -- 
Sociodemographics 
Income Categorical, 1 (lowest) - 10 (highest) 7.276 1.902 7.193 1.813 7.342 1.970 -0.149 
ImputedIncome 0 = reported, 1 = imputed 0.204 0.403 0.197 0.398 0.210 0.408 -0.013 
NumDrivers Count 1.944 0.662 2.024 0.707 1.881 0.618 0.143 ** 
Children 0 = no children, 1 = one or more 0.451 0.498 0.558 0.498 0.367 0.483 0.191 *** 
Neighborhood 
Context          
NhLocation 0 = infill, 1 = greenfield 0.787 0.410 0.787 0.410 0.787 0.410 0.000 
CommAcreage Continuous 7.103 19.306 6.039 18.096 7.934 20.190 -1.896 
Attitudes 
ProEnvironment Continuous, 1 (lowest) - 5 (highest) 3.905 0.796 3.796 0.797 3.991 0.786 -0.194 *** 
ProSpace Continuous, 1 (lowest) - 5 (highest) 3.326 0.733 3.011 0.631 3.572 0.713 -0.561 *** 
Fuel Prices 
PriceAtCarPurchase 
0 = low price at time of all automobile purchases, 1 
= high price when at least one automobile 
purchased a 
0.776 0.417   0.767 0.423   0.783 0.413   -0.015  
GasPrice2008 Continuous 3.935 0.113 3.949 0.121 3.925 0.105 0.024 ** 
*** p<0.01, ** p<0.05, * p<0.1 
a This variable was not included in the automobile ownership analysis.  Here, n = 558 (n = 245 for typical suburban developments, n = 313 for NTDs) 
 
 
                                                      
5 Only responses with non‐missing values for all variables used in the automobile ownership analysis are included here.  
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 Consistent with the idea that attitudes may explain part of the built environment’s 
apparent contribution to automobile ownership and use, I included two attitudinal indices as 
controls in a separate model.  One index measures the degree of respondents’ pro-environmental 
attitudes; as suggested in reviews of the motivations of hybrid-electric vehicle owners, “green” 
beliefs may extend to vehicle ownership decisions.  The other index measures attitudes toward 
neighborhood spaciousness.  For both indices, differences are in the anticipated direction: NTD 
residents hold stronger pro-environment beliefs and show less concern about living in spacious 
environments.  The composition of each index is shown in Table 2. 
 
Table 2 also displays Cronbach’s alpha statistics for each index.  Cronbach’s alpha 
measures the internal consistency, or inter-relatedness, of the factors in each index; this is an 
important consideration when grouping factors into a scale (42).  A Cronbach’s alpha statistic of 
0.70 is commonly taken to construe internal consistency, though a large number of factors can 
bias alpha statistics upward (i.e., closer to 1) despite low inter-relatedness (42, 43).  Given the 
fairly small number of factors (five) in each index, I take both indices to display adequate 
internal consistency. 
 
 Finally, I included two variables in a third model to explore whether fuel prices have any 
bearing on average fuel economy and household fuel consumption.  One variable indicates 
whether a household acquired at least one automobile at a time of high fuel prices, defined here 
as a national average retail price of $2 or more per gallon of gasoline in year-2009 dollars (30).  
Households that purchased automobiles during periods of higher fuel prices (either in 1985 or 
between 2004 and 2008) are presumed to have been more cognizant of fuel prices in their 
decisions, as suggested by Popp et al. (32).  The other variable reflects regional differences in 
fuel prices on May 29, 2008, roughly the date that most households received the survey.  Prices 
were taken from a publicly available archived version of the GasBuddy.com website (44)6.   
 
Models 
I ran bi-variate t-tests and full regression models for each of the three outcomes of interest.  For 
the number of automobiles owned, I employed zero-truncated Poisson regression to account for 
the discrete nature of the outcome variable and lack of zeroes in the data.  (As Long and Freese 
suggest, this may occur due to impossibility of a zero outcome in a sample, which is essentially 
the case with automobile ownership in most recently developed suburban areas; in any case, 
zero-automobile households in the U.S. are fairly uncommon ((15, 45)).  Use of zero-truncated 
negative binomial regression for these models yielded insignificant alpha statistics, which 
suggests that the data was not overdispersed. 
 
I used OLS regression to model average fuel economy and household fuel consumption.  
In each model, I applied standard-error corrections (STATA’s ‘vce(hc3)’ option) to account for 
heteroskedasticity suggested by residual plots and significant Breusch-Pagan test findings.  High 
fuel economy was modeled with binary logistic regression. 
 
 
                                                      
6 Attempts to obtain historical fuel prices for gas stations near the paired neighborhoods from GasBuddy.com staff 
in early 2009 were unsuccessful. 
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TABLE 2 Composition of Environment and Space Indices 
Factor label 
Variable ProEnvironment ProSpace 
Cronbach's alpha 0.7863 0.7053 
Environmental protection is an important issue 0.7383 
Too much land is consumed for new housing, stores and 
offices 
0.7986  
Household energy consumption in the US is a major 
contributor to global climate change 
0.7142  
The government should put more emphasis on 
encouraging places that make people less dependent on 
automobiles 
0.7069  
As an individual, I can make a difference when it comes 
to conserving energy and protecting the environment 
0.7606  
It’s not important for children to have a large backyard for 
playing *  
0.7161 
I enjoy a house close to the sidewalk so that I can see 
and interact with passersby  
0.6588 
I can be comfortable living in close proximity to my 
neighbors  
0.5899 
I do not prefer lots of space between my home and the 
street *  
0.6003 
Having shops and services close by is important to me 0.6967 
* Reverse-coded 
 
RESULTS 
I present findings for each outcome below and follow with a general discussion. 
 
Bivariate Analyses 
Table 3 presents results of t-test comparisons for each outcome measure between residents of 
NTDs and typical suburban developments.  For each measure, differences are in the anticipated 
direction – households in NTDs own fewer and more efficient automobiles and consume less 
fuel annually – but small.  Only in the case of automobile ownership is the difference, 0.24 
automobiles per household, statistically significant (p < 0.01).  The difference in average fuel 
economy is negligible at 0.15 mpg; while the proportion of households that own automobiles 
with high average fuel economy is roughly 7 percent greater in NTDs than typical suburban 
developments, the result is statistically insignificant.  Similarly, high variability renders the 
average 68-gallon difference in annual fuel consumption insignificant. 
 
Automobile Ownership Regression 
Results of the automobile ownership regression analysis are presented in Table 4.  In the base 
model, which accounts for socio-demographics but not attitudes, neighborhood type carries a 
negative coefficient, indicating that automobile ownership could be expected to decrease with 
residence in an NTD.  While this is as expected, the coefficient is small and not statistically 
significant.  Neither does either of the neighborhood context variables register as significant.  
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TABLE 3 Descriptive Statistics for Outcome Measures, Overall and by Neighborhood 
 
Outcome 
variables 
  All    Typical suburban (NhType = 0)    NTD (NhType = 1)   
Difference of 
means or 
proportions 
Values n Mean Std. dev.    n  Mean Std. dev.    n  Mean Std. dev.    Diff. Sig. 
Cars Count 568 2.056 0.790 249 2.193 0.795 319 1.950 0.771 0.243 *** 
AvgEcon a Continuous 318 22.845 5.892 153 22.769 6.121 165 22.916 5.689 -0.148 
HighEcon a 
0 = average below 24.5 mpg, 
1 = average 24.5 mpg or 
higher 
318 0.264 0.442  153 0.229 0.421  165 0.297 0.458   -0.068  
FuelUsed a Continuous 312 1092.906 608.619 152 1127.901 632.587 160 1059.661 584.988 68.240 
*** p<0.01, ** p<0.05, * p<0.1 
a Restricted to households that acquired at least one automobile since moving into current residence 
 
 
Ben Owen  17 
 
 
TABLE 4 Automobile Ownership Zero-Truncated Poisson Regression Results (N = 
568) 
  Base Model   Model 1 
Variables Coef.   IRR   Coef.   IRR 
NhType -0.091 0.913 -0.085 0.918 
Sociodemographics 
Income 0.056 ** 1.058 0.056 ** 1.058 
ImputedIncome -0.084 0.920 -0.084 0.919 
NumDrivers 0.432 *** 1.541 0.431 *** 1.539 
Children 0.146 * 1.157 0.145 * 1.156 
Neighborhood Context 
NhLocation 0.065 1.067 0.066 1.068 
CommAcreage -0.001 0.999 -0.001 0.999 
Attitudes 
ProEnvironment -0.005 0.995 
ProSpace -0.009 0.991 
Constant -0.872 *** -0.826 *** 
Model Statistics               
Log likelihood -660.747 -660.724 
Pseudo R2 0.105 0.105 
Prob > chi2 0.000 0.000 
P (alpha)~=0 -- (1)     1.000     
*** p<0.01, ** p<0.05, * 
p<0.1   
(1) Maximum likelihood convergence for constant-only negative binomial regression 
not attainable for this subset of variables 
 
Socio-demographic variables possess the most explanatory significance, with income (p < 0.05) 
and the number of driving-age individuals (p < 0.01) statistically significant and the presence of 
children moderately significant (p < 0.10).  An increase in income, an increase in the number of 
driving-age individuals or the presence of children would influence a household’s automobile 
count positively, as expected.  As for attitudes, I ran a separate model to identify whether pro-
environment or pro-space attitudes are related to automobile ownership or affect the built 
environment’s (lack of) significance; neither index explains automobile ownership significantly. 
 
 An alternative to including the number of driving-age individuals as an independent 
variable is to model it as an “exposure” variable in zero-truncated Poisson regression.  Typically, 
such a variable accounts for a length of time when modeling count data (45); here, the number of 
eligible drivers is taken as an analog in affecting the count of automobiles.  However, this 
approach yields a poorer pseudo-R2 for the model with attitudinal variables (0.01 versus 0.08). 
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Average Fuel Economy Regression 
Results of the average fuel economy regressions are shown in Table 5.  A significant caveat to 
the models is their poor fit, suggesting a poor choice of independent variables or an awkwardly 
defined measure.  Either is possible: since other studies did not model fuel economy per se, a 
different series of independent variables may prove significant; on the other hand, socio-
demographic and attitudinal factors were solidly associated with automobile type differences in 
other studies, so a possible explanation is that the outcome measure blurs the heterogeneity 
common to household vehicle holdings.  Nevertheless, two variables were moderately 
significant.  Each one-point increase in pro-environment attitudes portends an average one mile 
per gallon increase in average fuel economy, while acquisition of at least one household 
automobile during a period of high fuel prices is associated with an average two mile-per-gallon 
increase. 
 
 In the binary logistic models of high average fuel economy presented in Table 6, only the 
number of driving-age individuals and pro-environmental attitudes are statistically significant.  
The coefficient for the number of driving-age individuals is positive, suggesting that households 
may diversify toward more economical automobiles (for instance, hybrid-electric vehicles or 
compact cars as secondary vehicles to larger cars or light trucks) as more drivers enter the 
household.  The positive coefficient for pro-environment attitudes is not surprising: respondents 
that espoused green beliefs translated their beliefs into ownership of more economical 
automobiles. 
 
Household Fuel Consumption Regression 
Results of the fuel consumption analysis are presented in Table 7.  While neighborhood type 
remains insignificant in the household fuel consumption models, the size of the neighborhood’s 
commercial development retains a statistically significant negative coefficient even after 
controlling for attitudes and fuel prices.  On average, each acre of neighborhood commercial 
development would be expected to decrease household fuel consumption by four to five gallons 
per year.  As a caveat, this analysis presents the relationship between commercial development 
and fuel consumption as linear; further analysis may be required since most neighborhoods either 
possessed little or considerable commercial acreage.  As anticipated from prior studies, the 
number of drivers and presence of children in the household both increase fuel consumption.  
The income imputation variable appears as moderately significant with a sizable negative 
coefficient.  Decreases in tripmaking with higher age provide a possible explanation for this 
result: respondents in this model whose income was imputed were 62 years old on average, 
compared to an average age of 48 years among respondents that reported income (p < 0.01 for 
the difference). 
 
Attitudes and fuel prices are insignificant when added to the model, though the inclusion 
of 2008 fuel price as a variable sways the coefficient for pro-space attitudes considerably.  The 
range of 2008 fuel prices was 42 cents per gallon, which would indicate a 196-gallon decrease in 
fuel consumption were one to move from Mount Pleasant, South Carolina (the area with the 
lowest prices) to Grayslake, Illinois (highest prices).  The swing may compensate for the strong 
association between NTD residents and lower pro-space attitudes as well as the slight but 
statistically significant increase in average fuel prices paid by NTD residents (see Table 1). 
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TABLE 5 Average Fuel Economy OLS Regression Results (N = 318) 
  Base Model   Model 1   Model 2 
Variables Coef.     Coef.     Coef.   
NhType 0.012 -0.289 
-
0.470 
Sociodemographics 
Income 0.252 0.217 0.147 
ImputedIncome 0.684 0.810 1.030 
NumDrivers 0.294 0.320 0.316 
Children -0.528 -0.562 
-
0.779 
Neighborhood Context 
NhLocation 1.018 0.753 0.892 
CommAcreage 0.024 0.023 0.017 
Attitudes 
ProEnvironment 1.091 ** 1.052 ** 
ProSpace 0.267 0.385 
Fuel Prices 
PriceAtCarPurchase 2.117 *** 
GasPrice2008 3.824 
Constant 19.545 *** 15.041 *** 
-
1.429 
Model Statistics                 
Adjusted R2 -0.008 0.009 0.021 
Prob > F 0.342     0.023     0.010   
*** p<0.01, ** p<0.05, * p<0.1 
 
DISCUSSION 
My analyses suggest that suburban form is not a significant predictor of automobile ownership or 
fuel consumption.  The role of built environment factors other than neighborhood type was also 
limited, though the size of commercial development in a neighborhood (regardless of whether 
the neighborhood was NTD or typical suburban) effected modest decreases in fuel consumption.  
Consistent with prior studies, socio-demographic factors were most consistently associated with 
automobile ownership and fuel consumption.  As expected, income was correlated positively 
with automobile ownership; more driving-age adults in the household were associated with 
higher automobile ownership and fuel consumption but also greater likelihood of an economical 
vehicle combination; and the presence of children in the household was associated (albeit less 
robustly) with higher automobile ownership and higher fuel consumption.  The role of attitudinal 
factors was small; though pro-environmental attitudes were correlated with higher household 
fuel efficiency as expected, preferences concerning neighborhood space did not surface as 
significant in any analysis.  This is of limited concern: the primary purpose of including 
attitudinal variables was to account for self-selection in apparent built environment effects, but 
the built environment offered little significance for which to account.  Finally, in terms of fuel 
prices, only the timing of automobile acquisitions with respect to high fuel prices was significant 
in predicting average fuel economy.  Along with increased awareness of fuel prices when 
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making automobile purchase decisions, this finding could reflect increasing use of more fuel-
efficient vehicles in response to high fuel prices. 
 
TABLE 6 High Average Fuel Economy Binary Logistic Regression Results (N = 318) 
  Base Model   Model 1   Model 2 
Variables Coef.   OR   Coef.   OR   Coef.   OR 
NhType 0.409 1.506 0.334 1.396 0.312 1.366 
Sociodemographics 
Income -0.022 0.978 -0.034 0.966 -0.048 0.953 
ImputedIncome 0.215 1.239 0.255 1.291 0.306 1.358 
NumDrivers 0.663 *** 1.940 0.686 *** 1.987 0.695 *** 2.003 
Children -0.182 0.834 -0.198 0.820 -0.249 0.780 
Neighborhood Context 
NhLocation 0.588 1.801 0.504 1.655 0.535 1.707 
CommAcreage 0.008 1.008 0.007 1.007 0.005 1.005 
Attitudes 
ProEnvironment 0.382 ** 1.465 0.380 ** 1.462 
ProSpace 0.038 1.038 0.063 1.066 
Fuel Prices 
PriceAtCarPurchase 0.439 1.552 
GasPrice2008 1.022 2.779 
Constant -2.894 *** -4.352 *** -8.737 * 
Model Statistics                       
Log likelihood -176.345 -173.956 -173.124 
Pseudo R2 0.040 0.053 0.057 
Prob > chi2 0.043       0.023       0.034     
*** p<0.01, ** p<0.05, * p<0.1 
 
 Regression model fit was poor overall, even where multiple explanatory factors proved 
statistically significant.  McFadden’s R2 statistics for the full automobile ownership and high fuel 
economy models reached only 0.11 and 0.06 (on a scale of zero to one), respectively, which 
indicates that the explanatory factors affected the models’ log likelihoods little relative to null 
models and thus provided limited predictive ability.  Adjusted R2 statistics for the average fuel 
economy OLS models were barely positive, suggesting that the explanatory factors provided 
little explanatory ability above that of the mean average fuel economy statistic after accounting 
for the number of factors.  For the fuel consumption OLS regressions, explanatory factors 
explained approximately ten percent of the variability in fuel consumption, though this figure is 
still low.  The low goodness-of-fit scores suggest that further (or other) explanatory factors are 
needed to predict automobile ownership and fuel consumption outcomes effectively; based on 
prior literature, perhaps a larger complement of socio-demographic variables or addition of 
personality factors would have helped.  Significant multicollinearity was not present in any 
regression model: the highest variance inflation factor (VIF) score for any variable in any model 
was 1.46, which is comfortably below the typical cutoff score of 2. 
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TABLE 7 Fuel Consumption OLS Regression Results (N = 312) 
  Base Model   Model 1   Model 2 
Variables Coef.     Coef.     Coef.   
NhType -9.878 8.986 2.484 
Sociodemographics 
Income 15.060 17.456 17.912 
ImputedIncome -198.223 ** -204.092 ** -201.084 ** 
NumDrivers 170.802 *** 168.903 *** 167.470 ** 
Children 149.744 ** 150.074 ** 159.905 ** 
Neighborhood Context 
NhLocation -90.934 -79.328 -67.658 
CommAcreage -5.029 *** -5.018 ** -4.014 ** 
Attitudes 
ProEnvironment -41.457 -35.196 
ProSpace -25.815 41.191 
Fuel Prices 
PriceAtCarPurchase 77.723 
GasPrice2008 -462.530 
Constant 713.633 *** 925.837 *** 2688.057 ** 
Model Statistics                 
Adjusted R2 0.095 0.093 0.096 
Prob > F 0.000     0.000     0.000   
*** p<0.01, ** p<0.05, * p<0.1 
 
What should one make of the built environment’s general insignificance in this analysis?  
My findings follow those of Shay and Khattak (8) in part, who observed no significant 
differences in automobile ownership but marked VMT differences in a study of a single 
NTD/typical suburban development pair.  In Shay and Khattak’s study, the NTD featured a 
sizable commercial development and direct park-and-ride transit service to a regional 
employment center (the University of North Carolina-Chapel Hill campus), unlike many of the 
NTDs in this study.  As several other researchers suggested (10, 11, 38), the suburban context of 
these sites likely makes subsisting without at least one automobile per commuter nearly 
impossible.  A lack of transit options compounds the problem: while nine of the 17 pairs were 
served by transit, none enjoyed direct rail or bus rapid transit service. 
 
 Interestingly, modeled outcomes differed little between infill and greenfield 
developments.  The neighborhood location variable was not significant in any model, though bi-
variate analyses segmented by neighborhood location revealed clearer contrasts in automobile 
ownership and fuel consumption between households in infill NTD and typical suburban 
developments than those in greenfield pairs.  Still, the fuel consumption differences were not 
statistically significant, and the difference in the proportion of households whose automobiles 
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achieved high average fuel economy was statistically significant for greenfield but not infill 
pairs.  Attempts to model the interaction between infill and NTD residence only supported the 
finding of a greater propensity for high average fuel economy in greenfield NTDs.  Here, when 
interaction was modeled in place of neighborhood location in the base and attitudinal models, 
both the interaction and neighborhood type variables were marginally significant (p < 0.10) with 
coefficients of opposite polarity.7  The negative coefficient for the interaction variable was larger 
than the positive coefficient for neighborhood type, suggesting greater odds of owning fuel-
efficient automobile combinations in greenfield NTDs than infill NTDs.  (Households in infill 
NTDs would then be less likely to own a highly efficient combination of automobiles than 
households in typical suburban developments in either context.)  Controlling for fuel prices 
caused neighborhood type to become insignificant, though the interaction variable retained its 
marginal significance.  This finding could support the idea that a greater share of residents of 
greenfield NTDs compensate for longer travel distances to regional amenities by owning more 
fuel-efficient combinations of automobiles. 
 
 Another consideration with the infill developments in this study is their siting within their 
metropolitan areas.  Only the Pensacola, Florida NTD, the smallest neighborhood in the study in 
terms of acreage, qualifies as having an urban context given its location mere blocks from the 
city’s downtown.  The other three infill developments (in Irvine, California; Jupiter, Florida; and 
North Richland Hills, Texas) were located in suburban communities that populated primarily 
between the 1970s and 1990s (46‐49).  While the land use mix within these communities likely 
varies – Irvine, California, for one, describes itself as a “total destination” for business and 
education (46) – the extent of automobile orientation in local transportation facilities and site 
designs may not differ much from that of the newer greenfield communities.  Additionally, given 
the polycentric nature of most major U.S. metropolitan areas, increased proximity to the center 
of a region may not matter much.  From this perspective, the small differences in outcomes 
between infill and greenfield communities would not be a surprise. 
 
 What does this spell for the viability of neighborhood-level interventions to reduce 
automobile ownership and fuel consumption?  Surely, NTDs with compact form, mixed uses and 
pedestrian-friendly environments provide residents with choices as to whether to use their 
automobiles or not.  Increased commercial acreage was associated with lower fuel consumption 
in this study regardless of neighborhood type.  As noted in the Methodology section of this 
paper, eleven NTDs but only four typical suburban developments incorporated commercial land 
uses; the commercial uses’ locations varied across the NTDs but were peripheral in three of the 
four typical suburban developments.  Variables indicating the interaction of NTD and presence 
or size of commercial development were insignificant in fuel consumption analyses when 
modeled either with or without the commercial acreage variable.  When added to the high 
average fuel economy models, the binary interaction variable (defined as 1 for households 
residing in NTDs with commercial areas and 0 in all other instances) was marginally significant 
(p < 0.10) in most instances and caused the neighborhood type variable to become significant.  
However, the variables’ coefficients approximately annulled each other, likely a consequence of 
significant correlation (r = 0.66) and thus moderate multicollinearity (VIF scores above 2). 
 
                                                      
7 VIF scores for all explanatory factors remained below 2. 
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Good transportation connectivity between neighborhoods, especially for pedestrian and 
bicycle travel, could help to reduce automobile trips and provide nearby residents with the option 
of walking to commercial sites.  As Cao et al. and Cervero and Kockelman noted (19, 26), the 
spaciousness of the built environment can also affect automobile ownership and use.  Thus, 
concealing off-street parking or simply providing fewer spaces might help to reduce automobile 
use in NTDs. 
 
Nonetheless, NTDs here and there will not yield the broader traditional urban contexts 
that prior studies found to be associated with decreased automobile ownership and VMT (10).  
Improved regional awareness and coordination of land use and transportation planning could 
help to create a more supportive context, even if such a context will evolve slowly.  More NTDs 
might be developed as TODs (transit-oriented developments) given that their designs 
complement transit well, particularly their walkable environments, mixed uses and higher 
residential densities.  While TODs tend to be rail-focused, bus transfer centers and trunk bus 
routes also provide opportunities for such development.  Regional land use coordination could 
also involve standardized parking requirements, namely implementation of maximum ratios and 
sharing provisions that could free more land for economically productive use.  If applied 
consistently, such an approach could increase the attractiveness of the pedestrian landscape and 
likelihood of travel by alternative modes, provided that travel alternatives (such as convenient 
transit service) are in place.  The development of such policies would require considerable 
institutional change given, for one, the delegation of land use decisions to municipalities and lack 
of regional land use planning entities in most regions to coordinate them. 
 
 A side question is the commitment of NTD developers to meeting the New Urbanist goal 
of creating mixed-income, diverse communities (4).  The housing units in the NTD and typical 
suburban neighborhoods analyzed here appear to attract comparably affluent residents.  Even if 
housing units themselves were less expensive, the necessity of owning an automobile erodes the 
overall affordability of housing in such developments, thereby placing it out of easy reach to 
lower- and moderate-income households.  If NTD is really guided by visions of diversity and 
affordability, should accessibility be a more prominent consideration in where the neighborhoods 
are sited?  I would argue that the issue merits further research through additional study of infill 
neighborhoods with features of NTDs.  Along with the contextual issues that I discussed earlier 
in this section, the small sample of infill households may help to explain the lack of statistical 
significance in the number of automobiles owned and fuel consumption, even though the average 
differences were larger than those for greenfield households.  Detailed regressions are difficult to 
perform with such a small sample.  If differences are indeed significant, NTDs may be an 
attractive redevelopment strategy for urban and inner-suburban communities that seek to reduce 
automobile dependence and use. 
 
Other limitations in this study include a low response rate and sample size overall.  Given 
the large number of NTDs constructed in the U.S. over the last decade, a larger sample of 
developments and contexts (as well as higher response rates among residents) would permit a 
richer, more nuanced analysis.  Complete measurement of average fuel economy and 
consumption in this study were also constrained by a lack of information – about household 
automobiles beyond the one or two that are most heavily driven, the lengths of typical trips taken 
by household members (beyond being internal or external to the neighborhood) and the motoring 
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behavior of household members.  Finally, use of a weighted average to represent fuel economy 
may not be the best measure due to the potential stifling of diversity in the types of household 
automobiles owned. 
 
CONCLUSIONS 
This paper explored associations between suburban neighborhood design and automobile 
ownership and use from a survey of 588 residents in paired neo-traditional (NTD) and typical 
suburban developments across the U.S.  Specifically, I examined the number of automobiles 
owned, average fuel economy of households’ primary and secondary automobiles (a weighted 
average based on miles driven) and household fuel consumption.  While binary analyses 
suggested that NTD residents owned slightly fewer automobiles than their typical suburban 
peers, socio-demographic controls provided the most consistent explanatory ability across the 
models.  Ultimately, neighborhood type was not a statistically significant predictor in any of the 
outcomes of interest; of other built environment variables, only the size of a neighborhood’s 
commercial area was associated with a decrease in fuel consumption.  Such a result is not 
entirely surprising given that the built environment is only one factor in predicting automobile 
ownership; even comparative analyses between pre-World War II and suburban neighborhoods 
suggest that the association is moderate but that regional context is a more influential predictor 
of travel behavior. 
 
My results suggest that certain neighborhood design elements, namely inclusion of 
commercial uses, help to reduce fuel consumption.  Parking supply restrictions in NTDs’ 
commercial areas also warrant consideration to reduce internal automobile trips.  Regional 
policies to integrate land use decisions (such as the locations of higher-density, walkable NTDs) 
with provision of transportation options would help to create a context more supportive of non-
automobile travel.  Optimal siting of NTDs remains an open question: more data on travel 
behavior differences between NTD and typical suburban development residents in infill contexts, 
particularly inner-suburban areas, would help establish whether NTDs can be strategically placed 
to reduce automobile ownership and fuel consumption. 
 
REFERENCE LIST 
References  
1. Garde, A. Designing and Developing New Urbanist Projects in the United States: Insights and 
Implications. Journal of Urban Design, Vol. 11, No. 1, 2006, pp. 33-54.  
2. Berke, P. R., J. MacDonald, N. White, M. Holmes, D. Line, K. Oury, and R. Ryznar. Greening 
Development to Protect Watersheds. Journal of the American Planning Association, Vol. 69, No. 
4, 2003, pp. 397.  
3. Grant, J. Planning the Good Community: New Urbanism in Theory and Practice. Routledge, 
New York, 2006.  
4. Congress for the New Urbanism. Charter of the New Urbanism. http://www.cnu.org/charter, 
Accessed 03/24/2010.  
Ben Owen  25 
 
 
5. Lee, C. M., and K. H. Ahn. Is Kentlands Better than Radburn?: The American Garden City 
and New Urbanist Paradigms. Journal of the American Planning Association, Vol. 69, No. 1, 
2003, pp. 50-71.  
6. Boarnet, M. G., and R. Crane. Travel by Design: The Influence of Urban Form on Travel. 
Oxford University Press, 2001.  
7. Combs, T., N. McDonald, and D. A. Rodriguez. Travel Behavior, Residential Preference, and 
Urban Design: A Multi-Disciplinary National Analysis. The University of North Carolina at 
Chapel Hill, Chapel Hill, N.C., 2009.  
8. Khattak, A. J., and D. Rodriguez. Travel Behavior in Neo-Traditional Neighborhood 
Developments: A Case Study in USA. Transportation Research Part A, Vol. 39, No. 6, 2005, pp. 
481-500.  
9. Crane, R. The Influence of Urban Form on Travel: An Interpretive Review. Journal of 
Planning Literature, Vol. 15, No. 1, 2000, pp. 3-23.  
10. Ewing, R., and R. Cervero. Travel and the Built Environment: A Synthesis. Transportation 
Research Record: Journal of the Transportation Research Board, Vol. 1780, 2001, pp. 87-114.  
11. Cervero, R., and R. Gorham. Commuting in Transit versus Automobile Neighborhoods. 
Journal of the American Planning Association, Vol. 61, No. 2, 1995, pp. 210-225.  
12. Cao, X., P. L. Mokhtarian, and S. L. Handy. Do Changes in Neighborhood Characteristics 
Lead to Changes in Travel Behavior? A Structural Equations Modeling Approach. 
Transportation, Vol. 34, No. 5, 2007, pp. 535-556.  
13. Bhat, C. R., and J. Y. Guo. A Comprehensive Analysis of Built Environment Characteristics 
on Household Residential Choice and Auto Ownership Levels. Transportation Research Part B, 
Vol. 41, No. 5, 2007, pp. 506-526.  
14. Baldwin Hess, D., and P. M. Ong. Traditional Neighborhoods and Automobile Ownership. 
Transportation Research Record: Journal of the Transportation Research Board, Vol. 1805, 
2002, pp. 35-44.  
15. Pucher, J., and J. L. Renne. Socioeconomics of Urban Travel: Evidence from the 2001 
NHTS. Transportation Quarterly, Vol. 57, No. 3, 2003, pp. 49-77.  
16. U.S. Department of Housing and Urban Development. HUD and DOT Announce 
Interagency Partnership to Promote Sustainable Communities. 
http://portal.hud.gov/portal/page/portal/HUD/press/press_releases_media_advisories/2009/HUD
No.09-023, Accessed 03/01/2010.  
Ben Owen  26 
 
 
17. Bhat, C. R., and S. Sen. Household Vehicle Type Holdings and Usage: An Application of the 
Multiple Discrete-Continuous Extreme Value (MDCEV) Model. Transportation Research Part 
B: Methodological, Vol. 40, No. 1, 2006, pp. 35-53.  
18. Shay, E. E., and A. J. Khattak. Automobiles, Trips, and Neighborhood Type: Comparing 
Environmental Measures. Transportation Research Record, Vol. 2010, 2007, pp. 73-82.  
19. Cervero, R., and K. Kockelman. Travel Demand and the 3Ds: Density, Diversity and Design. 
Transportation Research Part D, Vol. 2, No. 3, 1997, pp. 199-219.  
20. Holtzclaw, J., R. Clear, H. Dittmar, D. Goldstein, and P. Haas. Location Efficiency: 
Neighborhood and Socio-Economic Characteristics Determine Auto Ownership and Use. 
Transportation Planning and Technology, Vol. 25, No. 1, 2002, pp. 1-27.  
21. Shay, E., and A. J. Khattak. Automobile Ownership and use in Neotraditional and 
Conventional Neighborhoods. Transportation Research Record: Journal of the Transportation 
Research Board, Vol. 1902, 2005, pp. 18-25.  
22. Cao, X., P. L. Mokhtarian, and S. L. Handy. Cross-Sectional and Quasi-Panel Explorations 
of the Connection between the Built Environment and Auto Ownership. Environment and 
Planning A, Vol. 39, No. 4, 2007, pp. 830.  
23. Choo, S., and P. L. Mokhtarian. What Type of Vehicle Do People Drive? The Role of 
Attitude and Lifestyle in Influencing Vehicle Type Choice. Transportation Research Part A, 
Vol. 38, No. 3, 2004, pp. 201-222.  
24. Mokhtarian, P. L., and X. Cao. Examining the Impacts of Residential Self-Selection on 
Travel Behavior: A Focus on Methodologies. Transportation Research Part B, Vol. 42, No. 3, 
2008, pp. 204-228.  
25. Bhat, C. R., S. Sen, and N. Eluru. The Impact of Demographics, Built Environment 
Attributes, Vehicle Characteristics, and Gasoline Prices on Household Vehicle Holdings and use. 
Transportation Research Part B, Vol. 43, No. 1, 2009, pp. 1-18.  
26. Cao, X., P. L. Mokhtarian, and S. L. Handy. Neighborhood Design and Vehicle Type 
Choice: Evidence from Northern California. Transportation Research Part D: Transport and 
Environment, Vol. 11, No. 2, 2006, pp. 133-145.  
27. Heffner, R. R., K. S. Kurani, and T. S. Turrentine. Symbolism in California’s Early Market 
for Hybrid Electric Vehicles. Transportation Research Part D: Transport and Environment, Vol. 
12, No. 6, 2007, pp. 396-413.  
28. Kahn, M. E. Do Greens Drive Hummers Or Hybrids? Journal of Environmental Economics 
and Management, Vol. 54, No. 2, 2007, pp. 129-145.  
Ben Owen  27 
 
 
29. Kahn, M. E., and E. A. Morris. Walking the Walk: The Association between Community 
Environmentalism and Green Travel Behavior. Journal of the American Planning Association, 
Vol. 75, No. 4, 2009, pp. 389-405.  
30. US Energy Information Administration. Real Petroleum Prices [Excel Spreadsheet]. , 2009.  
31. Turrentine, T. S., and K. S. Kurani. Car Buyers and Fuel Economy? Energy Policy, Vol. 35, 
No. 2, 2007, pp. 1213-1223.  
32. Popp, M., L. Van de Velde, G. Vickery, G. Van Huylenbroeck, W. Verbeke, and B. Dixon. 
Determinants of Consumer Interest in Fuel Economy: Lessons for Strengthening the 
Conservation Argument. Biomass and Bioenergy, Vol. 33, No. 5, 2009, pp. 768-778.  
33. Vlasic, B. G.M. Shifts Focus to Small Cars in Sign of Sport Utility Demise. The New York 
Times, 2008.  
34. ———. Interest Fades in the Once-Mighty V-8. The New York Times, 2008.  
35. Feng, Y., D. Fullerton, and L. Gan. Vehicle Choices, Miles Driven and Pollution Policies. 
Working Paper W11553, National Bureau of Economic Research, Cambridge, Mass., 2005.  
36. Cervero, R., and C. Radisch. Travel Choices in Pedestrian Versus Automobile Oriented 
Neighborhoods. Transport Policy, Vol. 3, No. 3, 1996, pp. 127-141.  
37. Cao, X. Disentangling the Influence of Neighborhood Type and Self-Selection on Driving 
Behavior: An Application of Sample Selection Model. Transportation, Vol. 36, No. 2, 2009, pp. 
207-222.  
38. Krizek, K. Residential Relocation and Changes in Urban Travel: Does Neighborhood-Scale 
Urban Form Matter? Journal of the American Planning Association, Vol. 69, No. 3, 2003, pp. 
265-281.  
39. Handy, S. L., and K. J. Clifton. Local Shopping as a Strategy for Reducing Automobile 
Travel. Transportation, Vol. 28, No. 4, 2001, pp. 317-346.  
40. Lund, H. Reasons for Living in a Transit-Oriented Development, and Associated Transit use. 
Journal of the American Planning Association, Vol. 72, No. 3, 2006, pp. 357-366.  
41. U.S. Department of Energy. Fuel Economy Data Download. 
http://www.fueleconomy.gov/FEG/download.shtml, Accessed 04/05/2009.  
42. Bland, J. M., and D. G. Altman. Statistics Notes: Cronbach's Alpha. BMJ: British Medical 
Journal, Vol. 314, No. 7080, 1997, pp. 572.  
43. Cortina, J. M. What is Coefficient Alpha? An Examination of Theory and Applications. 
Journal of Applied Psychology, Vol. 78, No. 1, 1993, pp. 98-104.  
Ben Owen  28 
 
 
44. GasBuddy Organization Inc. USA and Canada Current Average Gas Prices by 
city/state/province (May 29, 2008). 05/29/2008. 
http://web.archive.org/web/20080529035144/www.gasbuddy.com/GB_Price_List.aspx, 
Accessed 02/21/2010.  
45. Long, J. S., and J. Freese. Regression Models for Categorical Dependent Variables using 
Stata. Stata Press, College Station, TX, 2006.  
46. City of Irvine. History of the City. http://www.cityofirvine.org/about/history.asp, Accessed 
04/17/2010.  
47. ———. Demographics Information. http://www.cityofirvine.org/about/demographics.asp, 
Accessed 04/17/2010.  
48. City of North Richland Hills. History of North Richland Hills. 
http://www.nrhtx.com/nrh_history.aspx, Accessed 04/17/2010.  
49. Palm Beach County. Palm Beach County Profile. 11/4/2009. 
http://www.pbcgov.com/pzb/Planning/population/countyprofile.pdf, Accessed 04/17/2010.  
 
